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Despite a growing awareness of the correlation of coronary 
artery stenoses morphology with clinical syndromes, no 
comprehensive, prospective analysis of the implications of 
stenosis morphology on risk of myocardial infarction has 
been reported. Angiograms from 118 patients, repre- 
sentative of the 4.9% of medically treated Coronary Artery 
Surgery Study (CASS) patients who during subsequent 3 
year follow-up study had an anterior myocardial infarction, 
were matched on the basis of arteriographic anatomy and 
disease with 141 patients who did not have an anterior 
infarction. Angiograms from these 259 patients with 557 
left anterior descending artery stenoses were reviewed 
without knowledge of clinical outcome. Conditional regres- 
sion analyses were performed to determine the importance 
of stenosis morphology, relative to computer-determined 
stenosis severity and other clinical variables, in the predic- 
tion of risk of infarction. 
Univariate analysis revealed luminal roughness (odds 
ratio 4.5; p = 0.001) and lesion length (odds ratio 1.7 per 
unit length; p = 0.007) to be highly correlated with future 
risk of infarction. Multivariate analysis revealed left ante- 
rior descending artery percent stenosis r50%, lesion 
roughness, left circumflex artery stenosis and smoking, in 
that order, to be predictive of anterior myocardial infarc- 
tion, whereas 22 other morphologic variables were not 
independently predictive of outcome. The importance of 
stenosis roughness may relate to its propensity for throm- 
bogenesis and should be considered in clinical decision 
making. 
(J Am Call Cardiol1989;13:1481-91) 
The importance of a coronary stenosis may be expressed as 
its potential for producing angina, infarction or death. The 
determinants of risk for each of these events may differ. The 
vascular resistance and thus angina-producing capability of a 
coronary lesion is defined in large part by the degree of 
narrowing and secondarily to its length (1). The likelihood of 
cardiac mortality typically has been related to left ventricu- 
lar function and to an arbitrary threshold that defines lesion 
severity and the number and distribution of coronary steno- 
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ses, often expressed as “the number of diseased vessels” (2- 
10). Assessment of the risk of infarction has been less often 
studied, and although some studies (2,3,11-17) report the 
risk to be related to the severity and extent of disease, most 
such studies can be criticized for their patient selection bias 
and the simplicity of their coronary analysis. 
It is generally agreed that coronary thrombus is causative 
in 80% to 90% of “transmural” or Q wave infarctions (18- 
21), and that it is often found in close association with 
ulcerated atherosclerotic plaques (21-25). Morphologic, as 
opposed to dimensional, angiographic analysis by Levin and 
Fallon (24) showed that such “complicated” stenoses can be 
identified by postmortem coronary angiography, in that they 
usually have irregular borders or intraluminal lucencies. In 
recent clinical studies, Ambrose et al. (26,27) validated the 
empiric observation that an eccentric stenosis with irregular 
borders or a narrow neck is commonly found in patients with 
unstable angina pectoris or in those who have had a recent 
myocardial infarction. However, a comprehensive analysis 
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of multiple morphologic features that might prospectively 
predict risk of infarction has not been reported. 
The National Heart, Lung, and Blood Institute (NHLBI)- 
sponsored Coronary Artery Surgery Study (CASS) data base 
contains a unique clinical resource of descriptions of entry 
coronary arteriograms and subsequent clinical follow-up, 
providing the opportunity for a large prospective study of 
natural history of coronary disease. From this resource, we 
determined the value of stenosis morphology and coronary 
topography in the prediction of acute anterior myocardial 
infarction in medically treated patients without prior anterior 
infraction. 
Methods 
CASS is a NHLBI-sponsored multi-institutional research 
project consisting of a randomized trial of the medical versus 
surgical treatment of coronary artery disease and a substan- 
tially larger registry of patients who underwent diagnostic 
evaluation including coronary angiography for suspected 
coronary artery disease. These patients were carefully fol- 
lowed up for subsequent cardiac events. Extensive histori- 
cal, physical examination and laboratory data were obtained 
for each patient at the time of entry into CASS. The details 
of data entry have been reported elsewhere (28). 
Patient selection. Between August 1974 and May 1979, 
18,894 men and 6,065 women underwent coronary arteriog- 
raphy for proved or suspected coronary artery disease at one 
of the 15 CASS clinical centers. Anterior myocardial infarc- 
tion was chosen as the end point for this study because it 
more closely correlates with stenosis in one vessel than does 
Figure 1. The flow of patients into the anterior myocar- 
dial infarction (Ant MI) study group and the matched 
control group is illustrated. CABG = coronary artery 
bypass grafting; LAD = left anterior descending artery. 
*Matched sample (see Methods); tof the 224 patient 
cineangiograms, 92 were not retrievable within 6 
months. 
inferior or lateral infarction, that is, the cause and effect 
relation is more easily presumed. 
Criteria for entry into this study of the angiographic 
antecedents of anterior myocardial infarction were: 
No evidence of prior anterior myocardial infarction: 
a) No pathologic Q waves in leads V, to V, of the 
baseline electrocardiogram (ECG). 
b) Absence of severe hypokinesia, akinesia or dyski- 
nesia in the anterobasal, anterolateral and apical 
segments on the baseline right anterior oblique left 
ventricular angiogram. 
Demonstration of left anterior descending coronary 
disease in the absence of left main coronary artery 
disease on the baseline arteriogram: 
4 
b) 
30% to 100% diameter stenosis in one or more 
segments of the left anterior descending artery 
(proximal, mid, distal or major diagonal branch) on 
the baseline angiogram. 
Left main coronary artery stenosis ~30% on the 
baseline angiogram. 
Medical treatment and annual follow-up of at least 3 
years’ duration. Patients having coronary surgery 
were considered medically treated until the date of 
surgery, at which time they were “censored” from the 
study. 
Angiographic quality sufficient to allow quantitative 
assessment of the severity of the left anterior descend- 
ing artery stenosis. 
A total of 4,535 patients met these preliminary criteria 
(Fig. 1). 
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Table 1. Patient Characteristics 
No Anterior Myocardial 
Infarction Anterior Myocardial Infarction 
Group Population Group Population 
(n = 141) (n = 4.311) (n = 118) (n = 224) 
Age (yr) 53.8 + 8.7 53.2 k 8.8 53.2 2 9.8 54.0 2 9.6 
Gender (% male) 78.0 77.7 87.3 82.2 
Canadian Heart Association 
angina classification* 
O-I 27.7 33.5 27. I 24.4 
II 29.8 30.4 36.4 31.6 
III-IV 29.7 27.5 32.6 36.5 
CHF III-IV 2.1 2.0 2.5 3.1 
Number of vessels 
with ~70% stenosis 
O-l 41.8 56.3 37.3 34.4 
2 30.5 26.6 29.1 33.3 
3 29.1 17.3 32.2 32.3 
LVEF ~50% 17.1 13.0 20.2 19.9 
*Numbers do not sum to 100% because some patients had angina unrelated to exercise. CHF = congestive heart 
failure class; LVEF = left ventricular ejection fraction. 
Patient follow-up. Clinical follow-up was performed at 
regional centers at yearly intervals (28), which included 
specific querying of patients regarding hospitalizations or 
possible acute coronary events. Electrocardiographic and 
cardiac enzyme data were obtained for all suspected cases of 
myocardial infarction including all hospitalizations exceed- 
ing 5 days’ duration, and all deaths. Necropsy data were 
reviewed, when available, for all suspected cardiac deaths. 
All data were prospectively recorded on standardized forms 
(28). All anterior infarctions were identified that occurred 
within 3 years of angiography and were not preceded by 
coronary surgery. 
Anterior infarction group. The diagnosis of anterior myo- 
cardial infarction was based on a CASS-determined algo- 
rithm based on a clinical diagnosis validated by a combina- 
tion of ECG changes or serum enzyme elevations, or both, 
that were either diagnostic or strongly suggestive of myocar- 
dial infarction. This was established by individual clinical 
site review of hospital records on all admissions of CASS 
patients for suspected myocardial infarctions. Infarcts were 
divided into “transmural” and “nontransmural,” depending 
on the presence or absence of new significant Q waves in 
leads V, to V,. Silent anterior infarction was identified by 
the presence of new significant Q waves in leads V, to V, on 
any follow-up ECG within 3 years of angiography. To 
establish that any infarction was most likely due to an 
occlusion within the left anterior descending artery distribu- 
tion, it was required that the major ECG changes (new 
significant anterior Q waves, ST segment depressionleleva- 
tion or T wave changes) be located in leads V, to V,. 
A total of 224 patients were ident$edfrom the CASS data 
base as meeting the criteria for anterior infarction within 3 
years of angiography without intervening coronary surgery. 
Their baseline cineangiograms were requested from the 
participating CASS centers. Angiograms from 132 patients 
were obtained within a 6 month deadline. The 92 angiograms 
not obtained either had been routinely discarded or could not 
be readily located; however, there did not appear to be any 
cineangiogram retrieval bias that would affect the study 
results (Table 1). Six cineangiograms were eliminated be- 
cause of poor quality and eight were eliminated because, on 
review, they failed to meet entry criteria (e.g., obvious 
anterior wall akinesia, no left anterior descending artery 
territory stenoses discernible by two observers). One hun- 
dred eighteen patients with anterior myocardial infarction 
were entered into the study (Fig. 1). Of these, 61 had 
transmural anterior myocardial infarction, 53 had nontrans- 
mural anterior infarction, and 4 had silent anterior infarction. 
Matched control group. Of the 4,535 patients who met the 
initial entry criteria for the study, 4,311 did not have an 
anterior infarction within the 3 year period. For each of the 
118 patients with anterior infarction, 3 control patients were 
initially matched, and the first matched cineangiogram arriv- 
ing for review was used in the analysis. 
Because it was the intent of this study to ascertain if the 
baseline angiograms contained topologic or morphologic 
information in addition to severity of coronary stenosis that 
might be useful in the prediction of anterior infarction, 
patients with infarction were matched with patients without 
infarction on the basis of the maximal left anterior descend- 
ing artery percent stenosis. This type of study design can be 
described as a case control study sampled from a cohort 
study (29,30). The stenosis severity values used for matching 
were the original CASS multiobserver measurements and 
1484 ELLIS ET AL. JACC Vol. 13, No. 7 
MORPHOLOGY OF LAD LESIONS June 1989:1481-91 
were grouped into the following clusters: 30% to 49%, 50% 
to 69%, 70% to 99% and 100%. In addition, patients were 
matched according to coronary dominance (right, left or 
balanced) and according to extent of disease in other coro- 
nary vessels: right coronary artery disease 0% to 29% or 30% 
to 100%; left circumflex coronary artery disease 0 to 29% or 
30% to 100%. Thus 48 (4 X 3 x 2 x 2) matching cells based 
on baseline arteriography were generated. As cineangio- 
grams were read in batches, occasionally two control pa- 
tients were obtained for each infarction patient. Ten of the 
initially assigned control patients were eliminated (replaced) 
because of poor quality angiograms. 
Angiographic variables. The following angiographic var- 
iables were examined for the study. The following five 
variables were evaluated for the coronary system as a whole. 
a. Coronary dominance was defined by the CASS nomen- 
clature (28). 
b. Left anterior descending artery length was defined as 
short (not extending to the apex), medium (reaching the 
apex) or long (extending around and over the diaphragmatic 
surface of the heart). 
c. Left anterior descending artery territory score. The 
size and distribution of the terminal coronary branches (the 
distal left anterior descending artery and up to four of its 
diagonal branches, the distal left circumflex artery and up to 
four of its major marginal branches, the posterior descending 
and distal right coronary artery) were assigned a score from 
0 to 3: 0 = absent, 1 = small, 2 = medium and 3 = large. An 
additional 1 point was added to right coronary score if the 
right posterolateral branches were especially large. The left 
anterior descending artery territory score (i.e., the sum of 
the left anterior descending artery and diagonal artery 
scores) when divided by the score of all terminal coronary 
branches served as an estimate of the ratio of myocardium 
perfused by the left anterior descending artery to total left 
ventricular myocardial perfusion. 
d. The total number of left anterior descending artery 
stenoses was defined as the sum of lesions with ~30% 
reduction in luminal diameter reduction in the left anterior 
descending artery and its diagonal branches. This variable 
was also calculated using ~50% and 270% reductions in 
luminal diameter to define a stenosis. 
e. The total number of major vessels with stenoses was 
defined as the number of vessels (left anterior descending 
artery, left circumflex, or right coronary artery, or one of 
their moderate or large size branches) with 230% stenoses; 
this variable was also calculated using ~50% and 270% to 
define stenosis. 
The following 18 variables were assessed for each indi- 
vidual left anterior descending artery territory stenosis 
230%. If a lesion totally obstructed the vessel, some mor- 
phologic codes could not be analyzed which were designated 
as “not applicable if 100% lesion.” 
Maximal percent coronary stenosis was determined by a 
validated computerized edge-finding algorithm (3 1) from 
the angiographic view at end-diastole in which the lesion 
appeared most severe and was expressed as percent 
reduction compared with adjacent normal luminal diam- 
eter. 
;. The individual left anterior descending artery stenosis 
jeopardy score was defined in a similar manner to the left 
3. 
4. 
5, 
6. 
7. 
8. 
9. 
10. 
11. 
anterior descending artery territory score of this vessel, 
except that the numerator equaled the sum of the scores 
for only those terminal vessels distal to the stenosis. The 
denominator was the total of all vessel scores. 
A stenosis was considered to involve a branch point if 
any part of the lesion >30% narrowed was closely 
adjacent to a branch vessel that had a diameter of 225% 
of the vessel being scored. 
A stenosis was judged to be “rough” ifits luminal edge 
was irregular, or had a “sawtooth” component. A 
stenosis was judged “smooth” if its edge was smooth. 
Luminal edge was judged only if anterograde flow visu- 
alized the vessel edge well. Care was taken not to 
mistake small crossing vessels for irregularities. If there 
was a question as to the nature of the lesion it was 
judged to be smooth. 
The stenosis was judged to have an “abrupt” proximal 
face if in any projection, its proximal face formed an 
angle with the contiguous proximal lumen of < 135”; and 
“tapered” if the angle was >135”. 
Lesions were judged for symmetry depending on their 
appearance in any of multiple projections. “Eccentric” 
lesions were asymmetrically positioned in one or more 
views. 
Lesion length was scored as the length of that portion of 
the stenosis that had ~30% reduction in luminal diam- 
eter using the adjacent normal vessel diameter as a 
“yardstick” or unit. This variable was also calculated 
for lesion length with >50% and >70% reduction in 
luminal diameter. For example, a long tubular lesion in a 
major vessel could have four units of length >30% in 
severity, two units of length >50% and 0.5 unit of length 
>70% (Fig. 2). 
Distal ectasia was scored as none, mild to moderate or 
severe depending on the degree of vessel dilation imme- 
diately distal to the stenosis being evaluated. 
A lesion was said to involve a vessel bendpoint if, in any 
projection orthogonal to the lesion, any part of the lesion 
was located in a portion of vessel that had a 245” 
angulation at end-diastole. 
A lesion was said to involve a vessel kink point if, in any 
projection orthogonal to the lesion, it appeared that any 
part of the lesion was located in a portion of the vessel 
that bent >15” between end-diastole and end-systole. 
The quality of collateral vessels filling distal to any 
stenosis was judged to be not present, faint or excellent, 
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Figure 2. The method for measuring lesion 
length is illustrated for a smooth-surfaced, 
mid-left anterior descending artery lesion. 
The length (L) of a lesion with >50% diam- 
eter reduction is measured in units of esti- 
mated “normal” reference diameter (D) in 
the area of the lesion. 
12. 
13. 
14. 
15. 
16. 
17. 
depending on distal luminal opacification consequent to 
dye flow from another vessel. 
lf collateral vessels to the left anterior descending artery 
territory were present, any lesions jeopardizing these 
collaterals were examined; collateral channels originat- 
ing from a vessel with 250% stenosis proximal to their 
origin were judged to be “jeopardized.” 
Ulceration was judged to be not present, possibly or 
definitely present, depending on the presence or absence 
of a discrete luminal widening in the area of a coronary 
stenosis in the form of a “crater.” If the widening 
exceeded the diameter of the normal lumen, it was 
judged to be an area of ectasia, not an ulcer. 
Thrombus was judged to be not present, possibly or 
definitely present, depending on the presence or absence 
of a discrete intraluminal filling defect or contrast stain- 
ing in the area of the stenosis. 
Delayed flow beyond a stenosis was graded as not 
present or present. 
Calcijication involving a stenosis was graded as none, 
light or heavy. 
Tandem lesions were defined as adjacent separate le- 
sions, more than three normal lumen diameters apart. 
This variable does not include multiple separated lesions 
in different portions of the same vessel. 
Angiographic review. All cineangiograms were reviewed 
twice by an experienced angiographer who was unaware of 
the clinical outcome. In instances of intraobserver differ- 
ences, a second angiographer provided a deciding opinion. 
Tagarno 35Bi, Siemens Cipro 35N and Vanguard M35C 
projectors were used for review of the angiograms. Each 
cineangiogram was judged in quality to be excellent, good, 
fair, poor or not acceptable based on the degree of vessel 
contrast opacification and the display of all stenoses in 
orthogonal views, according to current norms (Fig. 1). This 
exclusion makes the study results more relevant to current 
angiographic standards. In general, a film was judged to be 
poor if any stenosis was seen in only one projection, or if the 
morphology of any stenosis was difficult to judge because of 
poor opacification of the vessel with contrast. A film was 
judged to be unacceptable if any stenosis could not be seen 
well enough to judge its percent reduction in diameter. 
Sixteen patients were excluded because of failure to meet 
entry criteria. In addition, lesion severity in other coronary 
vessels was assessed, relying on the estimated percent 
stenosis for the original CASS multiobserver reading. 
Interobserver variability in morphologic assessment. An- 
giograms from 34 randomly selected patients were reviewed 
independently by two experienced angiographers. Assess- 
ment of morphologic characteristics from 50 stenoses in 34 
patients were used to calculate interobserver agreement on a 
per lesion basis. Agreement and disagreement for categoric 
measurements is given as a percent of the total number of 
individual lesions assessed. For the variable lesion length, 
agreement was defined as a difference less than or equal to 
one half unit. The kappa statistic of Cohen (30) was com- 
puted as a measure of agreement between two observers 
after adjusting for chance agreement. All cineangiographic 
readings were made without knowledge of the patient’s 
clinical categorization. 
Computer-assisted quantitation of percent stenosis. Angio- 
grams were reviewed on a Vanguard M35C projector 
equipped with a movable stage and a three-lens turret that 
provided optical magnification at ratios of l:l, 3.7:l or 7:l. 
Cineangiographic frames were selected to visualize the ste- 
nosis as nearly as possible perpendicular to the X-ray beam 
at end-diastole in two orthogonal views. A wide band video 
camera acquired the selected image in a 5 12-line format that 
was then digitized by a De Anza image processor 480 x 512 
(8-bit gray scale). The operator used a light pen to trace 
approximations of the coronary artery edges at each stenosis 
and an adjacent, apparently normal, segment. Using these 
lines as initial search locations, the automatic edge-finding 
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algorithm then drew and smoothed the artery edge, defining 
the catheter edge at the peak of the first derivative of the 
gray scale density gradient, perpendicular to the long axis of 
the catheter (31). The operator then indicated a “normal” 
segment adjacent to the stenosis, and the computer deter- 
mined the relative percent stenosis. The most severe nar- 
rowing from orthogonal projections was used in all statistical 
calculations. The accuracy of this method in determining 
diameters of arterial phantoms was previously determined to 
be -t3.9% (31). 
Clinical variables. The following are the clinical variables 
included in the multivariate analysis. Each has been defined 
for the purposes of CASS elsewhere (28). They are: 1) age; 
2) gender; 3) Canadian Heart Association angina class (0 to 
4); 4) unstable angina; 5) systolic and diastolic arterial 
pressures; 6) diabetes mellitus; 7) smoking (current smoker 
at time of baseline arteriogram); 8) illness count (number of 
non-cardiac diseases present determined from a list of the 
following items: hypertension, diabetes mellitis, cerebro- 
vascular disease, peripheral vascular disease, valvular heart 
disease, chronic obstructive pulmonary disease, thrombo- 
phlebitis, hepatic disease, renal disease, gout, cancer, peptic 
ulcer disease and other diseases); 9) congestive heart failure; 
10) use of beta-blocker drugs; and 11) use of antiplatelet 
drugs. 
Statistical analyses. Two methods of analysis have been 
used. In the first method, the data are treated as a case 
control study sampled from a cohort study. Conditional 
logistic regression is used to estimate relative risk in both the 
univariate and multivariate analyses (29). This analysis 
method automatically controls for the factors on which 
matching was done, in particular, coronary dominance, the 
maximal left anterior descending artery lesion (30% to 49%, 
50% to 69%, 70% to 99% and 100%) and extent of right 
coronary artery and left circumflex coronary artery disease 
(0% to 29% and 30% to 100%). This method of analysis was 
used in all analyses except for those shown in Tables 5 
and 6. 
In the second analysis method, the matching is ignored 
and logistic regression is used to control for percent stenosis 
in the left anterior descending artery. The control subjects 
can be thought of as a stratified random sample from the 
population of all medically treated patients with sampling 
probability dependent on the factors used for matching. If 
the number of medically treated patients is known for each 
stratum, an offset term can be used in the logistic regression 
equation to correct for the unequal sampling probabilities 
(32) between the patients with and without anterior infarc- 
tion. For the purpose of this analysis, the population of 
medically treated patients was considered to be those pa- 
tients treated medically as defined by method A of Chaitman 
et al. (33). This method specifies that within the 1st year after 
enrollment, the number of days within which 95% of the 
bypass operations were performed are determined for each 
Table 2. Percent Agreement Between Paired Angiographer 
Readings of Selected Morphologic Variables 
Morphologic Feature* 
Agreement Per 
Stenosis 
(n = 50) 
(%I 
Kappa 
Statistic 
P 
Value 
Luminal roughnesst 
Presence of collaterals 
to stenoses 290% 
Stenosis IengthS 
Proximal face 
Lesion asymmetry 
12 0.25 0.07 
89 0.68 0.0001 
73 0.38 0.006 
12 0.23 0.10 
64 0.25 0.05 
*See Methods section for detailed description. ‘ISignificantly affected by 
angiogram quality: excellent quality = 100% agreement, fair/good quality = 
77%, poor quality = 62% (p < 0.05 by chi square). SAgreement defined as a 
difference between observers of ~0.5 unit length. 
clinical site (average time 4 months). At each site, those 
patients who did not undergo bypass surgery or die within 
this interval were considered medically treated. 
Four different methods of choosing the left anterior 
descending artery stenosis were usedfor each patient: 1) the 
lesion with the most severe percent stenosis, 2) the lesion 
with the largest left anterior descending artery stenosis 
jeopardy score, 3) all stenoses, and 4) all stenoses from 
patients with good or excellent quality cineangiograms only. 
In general, the results for all methods of analysis were 
similar, and unless otherwise stated the results of further 
analyses are based on analysis of the most severe lesion; that 
is, that left anterior descending artery territory stenosis with 
the largest percent diameter reduction. 
Results 
Selected clinical and angiographic characteristics of the 
infarction and noninfarction groups, and of the unmatched 
medical group are shown in Table 1. The groups and the 
populations from which they were derived were comparable 
with respect to age, gender, angina class, number of diseased 
vessels and left ventricular ejection fraction. 
Reproducibility of morphologic assessment (Table 2). The 
percent agreement between separate readings by two expe- 
rienced angiographers for selected morphologic variables 
ranged from 64% to 89% when all lesions were individually 
considered and from 52% to 93% when agreement was 
required for the single worst lesion in each patient. The 
presence or absence of luminal roughness was the only 
variable that was significantly affected by angiographic qual- 
ity, with 100% agreement for angiograms of excellent qual- 
ity, 77% for those of fair or good quality and 62% for those 
of poor quality. 
Angiographic predictors of risk of infarction at 3 years 
(Tables 3 and 4). The univariate odds ratio for the seven 
most predictive morphologic variables by each method of 
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calcium blocking agent to assess the effect of these drugs on 
the importance of stenosis morphology in the prediction of 
risk of anterior infarction. 
Discussion 
Recently, Levin and Fallon (24) found coronary irregu- 
larities noted on postmortem angiograms to correlate with 
ruptured coronary plaques, and Ambrose et al. (26,27) 
reported that patients with unstable angina and those who 
have had a recent myocardial infarction often have an 
associated eccentric coronary stenosis with irregular borders 
or a narrow neck, or both, thus focusing attention on the 
potential clinical importance of the morphologic findings 
associated with coronary stenoses. Prospective evaluation 
of the risk of myocardial infarction using clinical as well as 
angiographic findings including coronary stenosis morphol- 
ogy has not been reported. 
Predictors of acute myocardial infarction. These predic- 
tors have not been well defined. In patients with stable 
angina pectoris, infarction can be expected in 2% to 3% of 
patients per year (9,34,35), and this number can be expected 
to increase to 3% to 10% in patients with unstable angina 
(36-40). Risk can further be categorized by the extent (12) 
and severity (11,12,40,41) of coronary artery disease deter- 
mined by angiography. A recent report (12) from the Mon- 
treal Heart Institute found a 16% incidence of new coronary 
occlusion over 3 years in the presence of a stenosis exceed- 
ing 80% reduction in luminal diameter. Risk has also been 
related to clinical variables (42). However, most such studies 
can be criticized for the simplicity of their coronary artery 
analysis, their use of subjective means to determine stenosis 
severity (17) and their patient selection bias. The repeated 
angiography is usually based on clinical indications and 
cannot, of course, be performed on patients who have 
succumbed to infarction. 
The over& 3 year risk of anterior myocardial infarction 
in patients with left anterior descending artery stenoses of 
~30% treated medically from 1974 to 1982 in CASS was 
4.9%. This study evaluated clinical and detailed angio- 
graphic findings from patients who are representative of both 
those with and those without myocardial infarction to deter- 
mine a stratification scheme for risk of infarction. This risk 
rate and the data described herein must be considered with 
an understanding of the nature of the patients studied. 
Patients treated medically in CASS had generally less an- 
gina, and may have had a better prognosis without revascu- 
larization, than patients referred for bypass surgery. Only 
one third of patients treated medically had class III or IV 
angina at baseline. 
Role of coronary lesion roughness and other morphologic 
features. The findings of this study confirm and extend the 
findings of Ambrose and others (26,27,43) in a large patient 
population in whom the coronary event occurred after, 
rather than before, the coronary angiogram was performed. 
They suggest that lesion roughness, rather than lesion ec- 
centricity, is the major factor inparting the prognostic impli- 
cations of an “Ambrose type II” stenosis. Furthermore, the 
influence of lesion roughness appears to be largest within the 
1st year after angiography, and for transmural infarction. In 
addition, these findings suggest that other morphologic fea- 
tures of a stenosis, namely percent stenosis, lesion length 
and in some instances collateral vessels, are important 
modifiers of the risk of infarction. The increased risk with 
stenoses of longer length may reflect a larger atherosclerotic 
surface area, on which a thrombus might form. The inverse 
relation of collateral vessels to risk of infarction likely results 
from their protective effect against severe ischemia in the 
event of a total occlusion of the index stenosis (44). Inter- 
estingly, a ~-50% stenosis in the artery supplying collateral 
vessels tripled the risk of infarction compared with the 
absence of such a narrowing in the donor vessel. Finally, 
disease in the remainder of the left coronary system, prob- 
ably reflecting the importance of the diffuse extent of disease 
(12), and patient smoking (42) adversely influenced outcome. 
Limitations of study. In this type of study it is not 
possible to determine with certainty which coronary stenosis 
was responsible for producing an infarction and our multi- 
variate analysis only suggests what findings are frequently 
associated with subsequent infarction. Coronary arteriogra- 
phy immediately after the infarction would be required to 
determine which stenosis occluded. However, even then one 
could not be certain as to the nature of the stenosis before 
occlusion, because the morphology of a stenosis certainly is 
altered as a total or subtotal occlusion is formed by throm- 
bus, dissection or plaque hemorrhage. 
The large number of variables analyzed makes it possible 
that simply on a random basis, one or more variables might 
be found important. For this reason, a univariate value of 
p = 0.01 was required for entry of a variable into the 
multivariate analysis. The large relative risk for roughness 
suggests that its significance is not spurious. 
The quality of cineangiograms in the 1975 to 1979 period 
was not as good as that generally available today. Only one 
quarter of the centers used craniocaudal angulation during 
that period, and image quality has generally improved since 
then. Thus, only 71% of the cineangiograms were of fair or 
better quality by today’s standards, a factor that should have 
diminished the likelihood of visualizing complex coronary 
anatomy. To a certain extent, however, even with high 
quality cineangiographic techniques, assessment of coronary 
morphology and percent luminal reduction remains subjec- 
tive. 
Finally, these data remain to be verified in a prospective 
study and should be strictly applied only to a similar popu- 
lation, i.e., one containing predominantly patients with 
stable angina who are treated in a similar manner. 
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Implications. We conclude that when stenosis morphol- 
ogy was assessed in conjunction with percent stenosis and a 
number of clinical variables, lesion roughness ranked second 
in importance to percent stenosis as a predictor of risk of 
infarction. It may be speculated that the angiographic ap- 
pearance of luminal roughness reflects endothelial disruption 
that may promote thrombus formation with subsequent 
myocardial infarction. 
These results suggest in that making decisions regarding 
the advisability of coronary revascularization one might 
wish to take into account stenosis morphology as well as 
luminal compromise. For example, a 50% to 69% diameter 
stenosis in the proximal left anterior descending artery that 
has a roughened appearance and is without collateral flow 
may well have a higher risk of infarction with medical 
treatment than after coronary angioplasty, whereas a similar 
but smooth-appearing stenosis might not so benefit from 
angioplasty (Table 6) (45). Finally, angiographically based 
clinical trials attempting to decrease or monitor infarction 
rate should consider lesion morphology as well as percent 
stenosis in their analysis. Angiographic equipment in clinical 
diagnostic laboratories should be maintained at a level of 
quality that will permit assessment of lesion morphology. 
The quality of the cineangiographic films in this study is a tribute to the work 
of Melvin P. Judkins, MD, who organized Coronary Artery Surgery Study 
(CASS) workshops on angiography and initiated quality control efforts. We 
express special appreciation to Gary Sanders and Adriana Krauss for their 
assistance in compiling our data base and to Susan Groechel for secretarial 
assistance. 
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